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Medical Division Report No. 105. The Oral Toxicity of Hexalmnt Chromium.

ABSTRACT

OBJECT.

The object of this investigation was to determine the effect on albino
rats of the oral ingestion of water containing hexavalent chromium.

BiSULTS.

l.- Water consumption in all three test groups fell off, the decrease
being progressively greater with increasing concentration of chromium, due
to the reduced palatibillty of the water. After several dap on the chro-
mium contaminated water, all three groups apparently learned to tolerate
the water. Their water consuMption then continued at a rate somewhat lower
than that of the control rate.

2. The rate of growth of Groups II, III, and IV, after being checked
for two or three days following the first feeding of chrmium, continued,
with deviations probably due to pneumonia, to parallel the growth curve of
the control group.

3. The only pathology foimd in the rate was the occasional presence
of pneumonia. This finding appeared in both the experimental and control
animals. Therefore, it can not be said that potassium dichromate was the
causative factor in the production of pneumonia.

CONCLUSIONS.

1. The test animals drank concentrations of hemavalent chramium a
high as 200 mg-.A. as potassium dichromete equivalent to 25 qm. of obromioum
per kilogram of body weight, over a period of 33 daU, without Ill effects
definitely attributable to the chromium.

QL The presence of chromium in the dalnkbg water remied the water
consumption of the rate. The average conwgiten s of wamt enrtatag r
200 mg. chromium per liter was 27% less than the 0o1PUtiLm of tap water.

None.
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Medical Division Report No. 105. The Oral Toxicity of Hexavalent Chromium.

I. INTRODUCTIM.

A. Object.

The object of this investigation was to determine the effect an
albino rats of the oral ingestion of water containWg hexavalent chromium.

B. Authority.

Authorized by the Chief, Chemical Corps, uader Project D 8.3,
Food and Water Supplies in Chemical Corps Test Program No. T3, Cml C Re-
search and Development Program for 1l 1944-1945.

II. HISRICAL.

The possibility that gas mask canisters might be used for the emer-
gency filtration of water supplies in the field has been saggested as
creating a potential health menace to the soldier. This ts ehasised by
the fact that certain of Whetlerite type gas mask carbons, used in the newer
type canisters are capable of imparting hexavalent chromium to water with
which they have come in contact. Braidech, (1) b7 filt,*rig water throu
standard type arm gas mask canisters (tiiNU , 9 AM) frod concentrations of
hexavalent ohromius as high as 54 ppa. Ernavalent chromium coacettrations
as high as 100 P¶DI in water filtered throu similar type omster, have
beow reported (2r.

Recopising the possibility of canister filtrates containing aawmt
of hexavalent chromium of this magaitude, the answer to the question of
health hasard to Individuals lies in the determination of the oral toxi-
city of hexavalent chromium. Water purified by seach an emer cy measure
would to drnk for no longer than seven days. Mae conenorations of besx-
valent ahro•mu and the period of the test wer chosen to give an apprei-
able safety factor.

•,. literature furnisbd very little help on this question of the
oral texicity of hevlt obroa . Nearly all of the work done on
eahrodu and chromium oeopkfs baM boesw o ed of inestiations of
"the corroslve action of the aum s en the skin, intesitnal tract or Mn
te respintory system *a Ieled. ft*" Mwee i .4a bViMe ftther
the oral toeiciy in"stlAtimo - eo @.it•eated t maes ft ic I1"lM
Servce, (3) In its 1942 Wter St"dards pedats no beian lmt •reMi un
dnIki water. A review of the literstr di•elosed so reow *1oh
would sppor the tooity ths iUplied.

oerMid Iaibnet (I) Vote LepAM.5 asetatfrg ttat his feedin
exW imet. on nismlo, with &Sem of 2_5 of b4Mmlmt *W l #A
bicbroaten opr ki - m of b* "esoht r 'ter 36 U., Fi
no Visible eff~to . UbONM (5) uwfther OtatestAut ti - .f m.
weight (70 kg) ro 1-3 Me. of Potasalum dieuMft f ( ýA- LL ebiOJW)
appear to be tolerted withont Iz&U7LM MO llt i A*"'dws be ive
for ther~pitiO effects with gooid remalts* ~t~s()d~wts
wbere a doe" of 2-3 P. of pot~assm dilmote t ~latmu162 a~ aO



of 43 years was fatal within ten days. Rabbano (7) states thut the 1WD for
sodium dichromate when injected intravenously into rabbits is 0.000066 aols
per kilogram of body weight, and that potassium dichrcmate is evn more
toxic. Kehoe, Cholak and Largent (8) in a omprehensive study of the hy-
gienic significance of certain trace metals in drinking water have classified
chromium as a non-nutritive non-toxic trace element.

Sollman (9) states that the chromates and chromic acid have some toxi-
cologic importance, producing a characteristic nephritis and glyaosuria.
The fatal dose of potassium dicromate is below 8 p. According to
Kappeler, (10) when bichromates are given by the mouth, they are reduced to
chromous oxide and pa-tly deposited as such in n ewous organs, the rest
being excreted by the organs. An Italian source (1n) describes an stpelr-
meint where 3 mg. daily of hexavalent chromium per kilogram of body weight
were injected subcutaneously into rabbits. A qualitative determination for
trivalent chromium in the urine wasn positive throughout the period.

III. IRýTAL•

A. Froceqe.

1. Chromium Solution fed to Rate.

a. Prozartion.

Portions of tap water zonta'n 50, 100 and 200 ag. of
hexavalout chromium per liter were pr-ad by dissolving respeotively in
6 1. potions of 3D4owood tap water 0.85, 1.70, 3.40 p. of potalum di-
chromate crystals (Bakr' s c.p. analysed).

b. Chromiu ownceation.

The concentration of hezavelant ohraomi In each of the
three solutions to be fed was deteuined by the method of Orsomh (12).
These ooncentrations were chocked from time to time while the sointlons wae
being used.

2. 8.leeti and &oMt of kt.

Far -olgt kealthy y albino rats, 24 male, 24 fiale,
with we ts reging between 90 and00 go. were om ter e Oulfatr.
The auINO as Wre divided into 4 gows of 1, rate 6m6. iM a gro ýU.-
cluded 4 cages, 3 annamls per cep. Matelbution of rat litters a betm
groups and oW#e was Ia& as to lansr. ma1 pop altoaftm. All rats
received a hemal diet throastý the uwywablt.

S. Caintiof~h~m~~s

Yatse oetaninagl 5, 100, 20 iul e imt i I
literm e. red. to group U, MT and Vi NOWui~~yi .
reeding invered oter bottlew. Wo ister 1e auuk to % Orfte at
aol Ume awl" 0* uowwsrm t. set In" .m eMmMA M n e
at leat td iIeWl.. At MW b ite wo
red t"Sapwatr h as a". *0 1 sOfum d S
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experiment. Groups II, III and IV were fed chromium containing solution for
33 days. Daily water consumption was determined for each cage of rats.
Data on the imount of water consumed by each group and the average water
consumptiow per rat for each group ?%ave been summarized In Tabl I. The
latter is also presented graphicr. 11r In igure I. Each of the experimental
animals was weighed twice weekly. In lablo II is suw a eu tary of the
data on the individual rat weights averaged by groups. These data are
plotted in Figure I1 to show the rate of rrowth curve for each of the four
groups.

4.Pathololu.*

All of the factors in the experiment were the same, with the
exception of the water received.

As animals died in the course of the experiment, they were
autopuied and tissues were taken for microscopic study. At the termination
of the experimental time of 33 day., the living animals were sacrificed and
autopsied. Tissues taken for microscopic study were lungs, spleen, kidneys,
adrenals, liver, intestines and bone narrow.

B. Result.

"1. N.
a. Groun Ux (50,,u./l.).

One aninal died on the sixth day, showing pneumonia

accompanied by an abscess.

One. animal died on the eleventh day with' pneumonia.

Of the ten remaining an , all of which were saeri-
ficed, two showed moderate anInte of pneiuna, and eight animals showed
no patholoa.

b. O III (100 m./I.).

-Of the eleam anlmala eiu~ed In this group, nine were
eoneially = a e had a moerate saint of Pnamoa, *ad on MA
p~asmia a with asIe.s formntion.

ilevam mdml Were iaelodw in ths Pag a•,e 1la
died on the ninteentA 4ty with sfeoer x. a th te anma -
wifieed, eI bWd a moidsite ammt ot m au the Wu " ait

we" eeenu ,amal.

So pathee malml stsdw we made 1 K* Glser at the



d. Group I (Uncontaminated water).

Three of the eleven animals examined in this group showed
varying amounts of pneumonia while eight were essentially normal.

2. The amount of water consumed by each group with the average
consumption per rat is shown in Table I. Fig. I presents this graphically.
The individual rat weights averaged by groups a.'e shown in Table II. Fig.
II shows the rate of growth curve for each group of rats during the course
of the experiment.

IV. DISCUSSION.

It was noted that Groups II, III and IV reacted immediately to the
first feeding of chromium contaminated water.

1. Water consumption in all three groups fell off. The per cent
decrease was progressively greater with increasing concentrations of chro-
aium, due to the reduced palatability of the higher concentrations.

2. The rate of growth far the two-day period immediately fol-
lowing the first feeding of chromium was definitely less than the rate for
the six-day period preceding.

After several days on the chromium contaminated water, all three
groups apparently learned to tolerate the water. Their water consumption
then continued at a rate somewhat lower than that of the control rate. The
mean daily water intake per rat, averaged by groups, over the thirty-three
day period was:

Group I : 18.5.p. containing no chromium.
Group II : 15.7 p. containing 30 mg. hexavalent chromium per liter
Group III 14.5 p. containing 100 mg. hexavalent chromium per liter
Group IV t 13.4 p. containing 200 mg. hexavalmnt chromium per liter

These daily water consumption values represented a daily 1 hraali
intake equal to:

Group I i no chromium
Group II s 7.2 mg. hexavalent chromlum per kilogram body wsta*t
Group III 13.1 mg. hexavalent -chromium per kilogram body W
Group IV 1 25.0 mg. hexavalent chromium per kilogram beey we•t

The rates of growth of Groups II, III and I,# after being dieed for
2-3 days imwdiate]y following the first feeding of the ohiraap eemtIimed,
with deviations probably due to pwumesia, to puaZl1. the grow wve of
the control group. The per cent gain In weight fo. the test pes•ed ea 3t
days, aver b group was,

Group 1 84%
Group 1 71%
Group III 65S
Grow IV 6E0



The fact that numerous rats, including some in each group, contracted
and suffered from pneumonia in varying degrees of severity must be noted.
The effect of these cases on both the water consumption and the rate of
growth of all groups is obvious. No attempt has been made either to evalu-
ate or to compensate for this factor. The rate of growth in rats drinking
the chromium solutions did not differ significantly when compared statisti-
cally with the rate of growth of the control anitals.

The only pathology found in these animals was the occasional presence
of pneumonia. This finding appeared in both the experimental and control
anim.ls. Therefore, it can not be said that potassium dichromate was the
causative factor in the production of the puneumonia.

From this study it appears that rats are not harmed by the adminis-
tration of potassium dichromate under the conditions of this experiment.

V. COCLUSI(OS.

1. The test animals drank concentrations of hexavalent chromium as
high as 200 mg./i., as potassium dichromate equivalent to 25 mg. of chromium
per kilogram of body weight, over a period of 33 days, without ill effects
definitely attributable to the chromium.

2. The presence of chromium in the drinkIng water reduced the water
comumption of the rate. The average couns Umtion of water contaJng
200 mg. chromim per liter was 27% les than the annemwption of tap water.

VI. P DATIOS.

None.
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TABLE I.

SUMM OF DAILM wE CWATR IUTICU.

Time Control Hixavaluit Chromium
50o m.A. .o p .LA. 200 v./1.

Days GROUP I GRMP II GHM III GR0W IV
Total Av. Total Av. Total Av. Total Av.
£m* m a n . WO. no. a.6 M

1 163 13.5 147 12.2 154 12.9 159 13.2
2 161 13..4 166 13.9 171 14.3 164 13.7
3 175 14.6 181 15.1 174 14.5 175 14.6
4 183 15.3 180 15.0 188 15.6 177 14.8
5 175 14.6 189 15.7 191 15.9 183 15.2
6 172 14.4 162 13.5 143 11.9 104 8.6
7 197 16.4 169 14.0 155 12.9 115 9.6
8 193 16.1 163 13.6 166 13.8 127 10.6
9 212 17.6 158 13.2 171 14.2 140 11.7
10 219 18.2 185 15.4 193 16.0 162 13.5
U 215 17.9 161 13.4 162 13.5 155 12.9
12 205 17.1 163 (1) 14.8 175 14.6 150 12.5
13 224 18.6 172 15.6 171 14.2 160 13.4
14 211 17.6 165 15.0 179 14.9 168 4.0
15 226 18.8 160 14.5 175 14.5 157 13.1
16 212 17.7 159 14.4 171 14.2 156 13.0
17 226 18.8 174 (2) 17.4 176 14.6 170 14.2
18 228 19.0 169 16.9 191 15.9 172 14.3
19 216 18.0 166 16.6 179 14.9 167 13.9
20 216 18.0 152 15.2 179 15.0 161 13.4
21 222 18.5 161 16.1 189 15.7 167 13.9
22 212 17.7 151 15.1 165 13.8 150 12.5
24 451 18.8 320 16.0 364 15.2 305 12.7
26 482 20.1 340 17.0 363 15.1 302 (3 15.0
28 456 19.0 341 17.5 349 145 314 (4) 35.7
29 210 17.5 158 15.8 165 13.7 14" 14.4
31 496 2D.7 320 16.0 333 13.9 22 14.1
33 513 21.4 352 17.6 324 13.5 310 15.5
35 494 20.6 356 17.8 374, 15.6 2" 14.4
36 Z61 21.7 1M6 16.6 201 16.8 153 15.3
38 490 20.4 33Q. 17.6 355 14.8 36 16.3

0" ~~ rat Inl - plaa In soWep.st* eqs
"" -rat 11 - p34 In empuate cap

S3ý OM~. rat dmd cc 2 4h d
1* ft :wkt died on 7th &W



Dayn m i gw l. l. R IV
Total AV. Total Av. Total A,. Total AT.
a.. ... an-* fi. O.

0 782 65 688 69 795 66 687 69
3 891 74 770 77 894 75 781 7$
5 960 8o 836 84 990 83 846 85
7 1010 '84 671 87 1023 85 839 94

10 1103 92 930 93 1110 93 900 90
.12 1150 96 962 96 1165 97 945 95
14 1188 99 9a9 99 1216 101 982 98
17 1255 105 1039 104 1274 106 1032 103
i9 lar 108 1083 106 1326 11i 1082 108
22 1355 U13 n.l 3.12 139 n16 11/,2 n.4
24 .409 117 1151 n.,! 3=2 119 1151 n15
26 1464 122 1187 9 1458 122 1389 120
28 1502 13 1213 5 122 1484 1.24 1234 123
31 1.584 132 1270 127 1498 125 1271. 12
33 1624 135, 1315 132 1515 126 1314 131
35 169,r. 141 1355 136 1571 131 1326 133
30 1768 347 1436 14 1638 137 1406 141
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